Various theories beyond the Standard Model predict new particles with masses in the sub-eV range with very weak couplings to ordinary matter. I present both measured and projected limits on the strengths of two possible interactions that could be mediated by these new particles, and how one may additionally use these results to search for in matter gravitational torsion.
Introduction
A general classification of interactions between nonrelativistic fermions assuming only rotational invariance uncovered 16 different operator structures involving the spins, momenta, interaction range, and various possible couplings of the particles [1] .
The interaction between two fermions mediated by exchange of a spin-1 boson of mass m 0 can be generated by a light vector boson X µ coupling to a fermion ψ with an interaction of the form L I =ψ(g V γ µ + g A γ µ γ 5 )ψX µ where g V and g A are the vector and axial couplings. In the nonrelativsitc limit this interaction gives rise to two interaction potentials of interest in our work:
Here λ = 1/m X is the interaction range of the new boson of mass m X and σ is the spin operator of the polarized particle.
Experiments have put upper limits on the strength of the couplings of these possible exotic spin-1 bosons with ordinary matter. Measurements of V P V can also constrain the interaction of a fermion with a background torsion field, which can cause a frame to corkscrew through spacetime (e.g. parallel transport of spin) rather than move along the curve (Einstein GR).
V P V Experimental Arrangement
To derive the constraint on the strength of the parity violating potential V P V we take advantage of the fact that the potential is proportional to the helicity operator σ · p , and that a particle whose spin is polarized transverse to its velocity may be described a superposition of helicity eigenstates. Thus by sending transverse-polarized neutrons into a target region providing V P V , the helicity eigenstates will accumulate different phases and cause the neutron polarization vector to rotate about its momentum.
The rotation angle per unit length dφ P V /dL of a neutron of wave vector k n in a medium of density ρ is dφ P V /dL = 4πρf P V /k n , where f P V is the forward limit of the parity-odd p-wave scattering amplitude. Using the Born approximation to express f P V in terms of the parameters of the potential V P V , the following relation is obtained:
A beam of low-energy neutrons passes through a liquid helium target located between a crossed polarizer/analyzer pair. Neutrons initially travel through a vertically aligned supermirror polarizer and are guided into a field-free region where they pass through target chambers filled with liquid 4 He. While traveling through the chamber the vertically polarized neutrons can rotate about their momentum due to the V P V interaction with the nucleons in 4 He. Target chambers located in front and back of a π-coil are alternately filled with liquid helium. This π-coil reverses the horizontal transverse component of neutron polarization by Larmour precession about the vertical axis. In combination with modulating the 4 He between the chambers, the PV signal is doubled while external magnetic field rotations are cancelled to first order. The measured upper bound on the parity-odd spin rotation angle per unit length in liquid 4 He at a temperature of 4 K from this experiment is
Combining the result in (4) with the epxression given in (3) generates the following exclusion plot: 
In-Matter Torsion
A parity-odd spin-dependent interaction may also indicate the presence of gravitational torsion [3] . This phenomenon can be described by an external torsion field τ α µν generated by the spin density of the liquid 4 He affecting the spin state of the polarized neutron beam. The general structure of the nonrelativistic neutron Hamiltonian can be written as:
where δ B is determined by the background torsion field. In our present example with 4 He the torsion effects produced are isotropic and on a macroscopic scale. The background torsion then takes the form
where ζ is a model-dependent parameter that depends on the rotationally invariant pieces of the torsion tensor τ α µν . A non-zero ζ would indicate an interaction between a torsion field arising from the spin density of the fermions in 4 He and the beam of spin-polarized neutrons.
As the form of this potential is the same as that of V P V , we may reinterpret the results of our V P V measuremeant by deriving the analagous relation between the spin rotation angle per unit length for polarized neutrons passing though 4 He and the torsion parameter ζ :
Applying the result from (4) gives:
Our constraint is the first experimental search to our knowledge for in-matter gravitational torsion.
V P C Experimental Arrangement
By making slight modifications to the neutron polarimeter designed to measure parityodd spin rotations, we can also measure the parity-even rotations that neutrons would experience from V P C . Consider a beam of polarized neutrons moving parallel to a flat plate of homogeneous material in the presence of an interaction V P C ∝ σ·( v× r), where σ is the spin of the polarized neutrons, v is their velocity, and r is their position from the plate. By viewing the ( v × r) term as a pseudo-magnetic field directed transverse to the neutron velocity, it is apparent that the neutron polarization will precess in the longitudinal plane as it passes over the plate: By assembling an array of plates of different nucleon density so that neutrons traveling in an empty region will always see a nucleon density gradient, the neutrons will undergo a net precession in the presence of this interaction. This can limit the coupling constant product g 
